Low lifetime rearing success and high perinatal mortality of lambs have been associated with small pelvic areas in ewes. It would therefore make sense to include pelvic area as a criterium for selecting breeding ewes; however, measuring it in vivo poses some challenges. The aim of this study was to determine pelvic height, width and area and to estimate correlations between these measurements and other external linear body parameters, i.e. body height, shoulder height, chest depth, front quarter width, hindquarter width, rump length and rump slope in Dorper ewes. A total of 332 young Dorper ewes (± 12 months old; 48.0 ± 5.9 kg) were used. The overall mean pelvic area of yearling Dorper ewes was 35.4 ± 4.9 cm 2 . Registered ewes recorded significantly larger pelvic areas (37.4 ± 4.3 cm 2 ) than commercial ewes (33.9 ± 3.8 cm 2 ). Results also indicate no correlations between pelvic measurements and other body measurements considered in this study, indicating the need to measure the pelvic area of ewes directly. The pelvic meter and techniques used in this study proved to be relatively easy to use in measuring the pelvises of sheep.
Introduction
Small pelvises in ewes are associated with high incidences of dystocia, high perinatal ewe and lamb mortality rates and poor lifetime rearing performance of ewes (Haughey et al., 1982; Kilgour et al., 1993; Hartwig, 2002) . In addition, dystocia is associated with prolonged postpartum periods, uterine infections and increased non -reproductive days as well as reductions in overall conception rate and milk production (Sieber et al., 1989; Walker et al., 1992) . It would thus make sense to include pelvic area as a criterium in selecting breeding ewes. However, measuring this in vivo poses some practical challenges due to the smaller size of ewes in comparison to cattle.
Body size (length, height, etc.) and conformation can be described using simple measurements and visual assessment. How these measurements relate to the functional efficiency of the animal is of paramount importance to livestock production. The aim of this study is to determine pelvic height, width and area and to estimate correlations between these measurements and other external linear body parameters, i.e. body height, shoulder height, chest depth, front quarter width, hindquarter width, rump length and rump slope in Dorper ewes. Similarly, some breed conformation traits were correlated with pelvic measurements.
Materials and Methods
A pelvic meter was specially developed for sheep, in collaboration with the Science Park of the Central University of Technology, Free State (CUT), Bloemfontein, South Africa. The pelvic meter was pretested at the Bloemfontein abattoir on 90 randomly selected sheep just prior and after slaughtering. The correlations between the pre-and post-slaughter pelvic measurements were very high (height: R² = 0.80, P <0.05; width: R² = 0.87, P <0.05; area: R² = 0.85, P <0.05).
A total of 332 Dorper ewes (ca 12 months old with a live weight of 48.0 ± 5.75 kg), from three different breeders, were used in the study. Ewes were kept extensively on veld in the Central Northern Cape region and received only a salt lick supplementation.The pelvises of all the ewes were measured once, using a method adapted from Haughey et al. (1982) , Walker et al. (1992) , Kilgour et al. (1993) and Patterson et al. (1997) . At measuring, ewes, while standing in a chute, were restrained using a light squeeze; at first, faeces were removed from the rectum by hand after which the forceps of the instrument were carefully placed into the rectum (Deutscher, 1975) . Once the pelvic meter was inserted into the animal's rectum, the forceps were opened while applying light pressure on the handle of the instrument. The pelvic meter, while being inserted, was then twisted from left to right for the operator to feel the ossified joint on the symphysis pubica, in order to find the point to measure the pelvic height (PH); this is the largest distance between the pubic tubercle on the floor of the pelvis and the sacrum on the pelvic roof. The pelvic meter was then turned about 90° sideways at the same point (pelvic inlet at its widest point), to measure the pelvic width (PW) which is the largest distance between the right and left corpura ilii. After removal from the rectum, the instrument was thoroughly cleaned with a mild disinfectant solution before using it in another ewe. The pelvic area (PA) of each animal was calculated as π (PH/2)*(PW/2) (Morrison et al., 1986) .
The following body parameters were also measured according to methods described by Fourie et al. (2002) : live weight (LW); shoulder height (SH); chest depth (CD); shoulder width (SW); hindquarter width (HW) and rump length (RL). These parameters were correlated with the PH, PW and PA. In addition, the ewes were assessed visually for conformation (CM) and selection type (S), as described by the Dorper breed Standards of Excellence, on a scale of 1 -5. Conformation scores range from 1 (being very poor) to 5 (being very good); selection type 1, 2, 3, 4 and 5 indicates cull, 2 nd selection, commercial, type 4 stud and type 5 stud, respectively. Rump slope (RS) scores ranged from 1 (being very flat) to 5 (being very droopy). Analyses of variance were conducted to compare means of different parameters using GLM procedures of SAS (SAS, 1989) . Product moment correlations between the variables were also calculated. A stepwise regression was carried out to determine the individual effect of body measurements on pelvic area. An F to enter level of 0.10 was used to determine the significance of the partial contribution of each effect. Pelvic area was included as a covariate.
Results and Discussions
The means and standard deviations (SD) for the different body parameters considered in this study are presented in Table 1 . The mean values for PH and PW in 12 months old Dorper ewes varied little, as depicted in the small coefficients of variance. The PA recorded a small variance amongst yearling ewes. The same trend was observed for most other body measurements considered in this study. Table 2 depicts the correlation coefficients between all variables considered in this study. In general, the correlations between all pelvic measurements were high (r >0.77, P <0.0001), while the correlation between all other body measurements considered in this study was low (r <0.26), although significant in most cases. The very high correlations recorded between PW and PA (R² = 0.94, P <0.001), as well as between PH and PA (R² = 0.84, P <0.001) can be explained by the fact that these two measurements (PH and PW) directly affect PA. The correlation between PH and PW was also high (R² = 0.77, P <0.001). According to Smith (2005) the growth in pelvic height and pelvic width differs between beef heifers of different frame sizes. According to Briedenhann (2010) , pelvic width is more important in Bos taurus cattle while pelvic height is more important in Bos indicus cattle. It seems that in Dorper ewes, PW has a greater effect on PA than PH (i.e. 0.94 vs. 0.84, respectively). This is contrary to what was reported for beef heifers, in which differences in pelvic areas are usually attributed to differences in pelvic height (Anderson et al., 1994; Patterson et al., 1997) . No similar studies for sheep could be found by the authors to compare results. Johnson et al. (1988) reported that rump slope in cattle has no influence on internal pelvic measurements or calving ease. However, Philipson (1976) and Dadati (1985) reported that in cattle, a sloping rump (subjectively scored) was associated with calving ease. The breed standards of the Dorper sheep prescribe a flatter rump as opposed to most other sheep, goat and cattle breeds. It remains to be seen whether phenotypic selection pressure for conformation and type (i.e. flat rump, hind quarter width, muscling, etc) has indirectly affected pelvic measurements and ease of lambing in Dorper ewes. In Table 3 the mean pelvic measurements, body weight and hind quarter width for different ewe types, as classified according to breeding standards, are shown. From Table 3 it seems that there were no differences (P >0.05) in pelvic measurements between the pelvic areas of types 2 and 3 or types 4 and 5 ewes, but types 4 and 5 ewes recorded higher pelvic height, width and area than types 2 and 3 ewes (P <0.05). The exception was the similar pelvic heights of types 3 and 4 ewes. Although relatively small, type 5 ewes recorded a mean pelvic area of 6.46 cm² greater than type 2 ewes (P <0.05). It remains to be seen if such small difference would significantly affect ease of lambing in young Dorper ewes.
Selection type 5 ewes were larger (P <0.05) with heavier and wider hindquarters than all other selection types. Furthermore, no significant correlations were found between linear body measurements and pelvic dimensions in ewes, indicating the need to measure the pelvic width and height directly and to calculate its area if selection for larger pelvic areas is intended. Hind quarter width, body conformation, rump slope, rump length and chest dept were the most important traits influencing the pelvic area of ewes. In a stepwise regression analysis, the combined contribution of all variables to the model discussed above was only 0.208, indicating that there are other more important factors influencing pelvic area.
Conclusions
Results indicate that it was possible to obtain pelvic measurements in sheep using a pelvic meter. In general there were low correlations between linear body measurements and pelvic dimensions in yearling Dorper ewes. This means that to reduce dystocia, pelvises of sheep should be measured directly to calculate appropriate areas in order to eliminate ewes with lower pelvic areas, as this parameter is, according to literature, the most important factor influencing dystocia in sheep.
